Aims and objectives: To clarify the meaning of sleep disturbance in people with diabetes and examine its antecedents, attributes and consequences through concept analysis.
| INTRODUCTION
Sleep is an important public health issue and one of the major topics covered in the Heathy People 2020 Project. The absence of sleep disturbance is a prerequisite for healthy sleep (Consensus Conference Panel et al. 2015) . Sleep is a normal physiological process and one of the most fundamental human needs. Research is proliferating on the role sleep plays in individual well-being, especially in people with chronic illness, such as diabetes. In 2015, 12.2% of the US adults aged 18 or over had diabetes, and diabetes was the seventh leading cause of death (Centers for Disease Control and Prevention 2017). Increasing evidence indicates that individuals with sleep disturbance have a higher risk of developing diabetes (Anothaisintawee, Reutrakul, Van Cauter, & Thakkinstian, 2016) ; in turn, people who already have diabetes suffer from more sleep disturbance than those without diabetes (van Dijk et al., 2011; Keskin et al., 2015) . Both diabetes and sleep disturbance are major health issues that affect a large proportion of people across the world. The combination of those two conditions likely poses a greater threat to an individual's health.
Diabetes management includes attaining and maintaining good glycaemic control, as measured by A1C. A recent meta-analysis suggests that poor sleep quality has a negative impact on A1C levels, although the causality remains unclear (Lee, Ng, & Chin, 2017) . The American Diabetes Association recommends that sleep assessments should be included in all medical evaluations of patients with diabetes (American Diabetes Association 2017).
Healthcare professionals, particularly nurses, are essential in evaluating and identifying those with sleep disturbance. Equally imperative is the delivery of appropriate interventions to alleviate sleep disturbance in people with diabetes. This concept analysis proposes to develop a conceptual foundation that can be used to guide evaluation and interventions related to sleep disturbance in people with diabetes.
| Background and aims
Sleep disturbance is complex and likely results from a variety of physiological, psychological and behavioural factors. Many of these factors, including chronic pain, may be similar between healthy populations and those with various health conditions, such as diabetes, cancer and musculo-skeletal disorders among others. However, the contextual basis for these factors across populations may vary in character, number and co-occurrence with other factors. Diabetes may impact sleep through specific, diabetes-related neuro-endocrine-metabolic dysregulation (Barone & Menna-Barreto, 2011 ). Yet, the term sleep disturbance in the context of diabetes has not been explicitly defined or formally analysed. Within the realm of sleep research, the term sleep disturbance is frequently seen in current literature, but the term sleep disorder is more common and has been widely used since 1920 (Schulz & Salzarulo, 2015) . These two terms are different and should not be used interchangeably. Sleep disorder is diagnosed, using strict criteria, and may be classified into distinct categories, such as insomnia and sleep apnoea. Sleep disturbance does not require a diagnosis and might be universally experienced by anyone at some point in their lives (Rylance & Smith, 2016) . When patients complain of sleep disturbance, any ambiguity of the concept limits our ability to evaluate or develop appropriate interventions for our patients.
Clarification of the ambiguity and use of consistent terminology will provide a solid conceptual foundation for future studies and facilitate effective communications among the healthcare community. Thus, the purpose of this paper was to clarify the concept of sleep disturbance in diabetes through examining its use and identifying its attributes, antecedents and consequences. Rodgers's (2000) method of evolutionary concept analysis was used to analyse the concept of sleep disturbance in diabetes.
According to Rodgers (2000) , concept analysis consists of six iterative steps: identifying the concept of interest; choosing the setting and sample; collecting and managing the data; analysing the data; identifying exemplars; and interpreting the results and proving implications.
| METHODS

| Identifying the concept of interest
Identification of the concept of interest and exploration of surrogate terms is the first step of concept analysis. Surrogate terms share similar characteristics with the concept of interest and are frequently used interchangeably (Rodgers, 2000) . Explicating surrogate terms ensures a more thorough review of the literature.
Potential surrogate terms for sleep disturbance include sleep problem and sleep impairment, which are common in the sleep literature and frequently used interchangeably. We included the use of both terms in our search so that important studies were not missed.
What does this paper contribute to the wider global clinical community?
• Findings from this study illustrate the characteristics of sleep disturbance in people with diabetes, which helps to raise awareness of the complexity of sleep and importance of addressing sleep disturbance.
• Clarification of the theoretical definition provides a foundation for the operationalisation and measurement of sleep disturbance in people with diabetes, which would facilitate future research and clinical practice.
• There is a need for routine sleep-related health education, assessment and intervention in people with diabetes in both clinical and community settings.
2.2 | Setting, sample and data sources This step focuses on the determination of settings, including time period and discipline or type of literature to be searched. A sample needs to be rigorously selected to obtain a representative literature and minimise researcher bias. The ultimate goal of this step is to answer the research question through rigorous design (Rodgers, 2000) .
We conducted electronic searches of PubMed, CINAHL, PsycINFO and ProQuest Dissertations and Theses using combinations of "diabetes" and "sleep disturbance*," "sleep problem*" or "sleep impairment" in the abstract/title. Additionally, a search of Web of Science was conducted using the above combinations as the "topic."
The search was carried out without time restriction to capture as many relevant studies as possible. This choice would also enable an overview of the use of the concept over time. The search was limited to the English language. Sleep disturbance in humans also carries social-behavioural characteristics. Therefore, studies conducted in animals were excluded. Published abstracts and comments were excluded as the detailed information was not available. Studies conducted in other populations (including healthy people) rather than those with diabetes were excluded.
The initial search resulted in 348 articles after removing duplicates ( Figure 1 ). Further screening based on the exclusion criteria was conducted by reviewing title and abstract of the article, which resulted in an initial sample size of 73. There is no consensus on how to evaluate the quality of the primary sources included in a concept analysis. In this analysis, only papers that described sleep disturbance were included. Thus, 41 of the 73 studies were further excluded because no information could be found about characteristics of sleep disturbance, which makes the identification of attributes impossible. Sleep disturbance was mentioned in six studies; but sleep disorder (e.g., obstructive sleep apnoea, insomnia and restless legs syndrome) was the primarily measured construct, so these six studies were also excluded. Ancestry searching of the bibliography of the 26 articles resulted in no further studies that met our criteria. Consequently, the final analysis included 26 articles. Rodgers (2000) proposed a minimum sample size of 30 from a variety of disciplinary strata to identify contextual variation. This was not feasible in the current analysis. Therefore, the 26 studies were pooled and analysed together.
| Collecting and managing the data
During data collection and management (Rodgers, 2000) , primary sources were reviewed to further identify the actual use of surrogate terms and related concepts. The primary accomplishment of a concept analysis is the identification of attributes. It is not uncommon that authors do not explicitly present the definition of a concept.
However, statements that highlight characteristics of the concept should be identified and used as the attributes. Additionally, contextual basis (i.e., antecedents and consequences of the concept) also needs to be identified. Thus, a table matrix was used for efficient and reliable abstraction of pertinent information (Garrard, 2011) . The matrix was developed by two reviewers (BZ and CV). Primary sources were reviewed by one review (BZ) and randomly checked by another (CF). Study characteristics, sentences that described the concept attributes, antecedents and consequences, were extracted and tabulated into the matrix.
| Analysing the data
Based on Rodgers's (2000) , the standard procedure of thematic analysis was performed until a cohesive and comprehensive consensus was reached. One reviewer (BZ) coded the data and identified the recurring themes. Major themes for attributes, antecedents and consequences of the concept were examined separately. The final pool of themes was identified by two reviewers (BZ and CF). Appropriate "labels" were developed to describe each theme. A conceptual definition of sleep disturbance in diabetes was developed by the review team.
| RESULTS
| Study characteristics
The studies were published between 1994 and 2016. Three of the 26 studies were review papers, and cross-sectional design was used in a majority of the studies. Both types of diabetes were included in the analysis. Sample size ranged from 15 to 1,322. Participant characteristics are shown in Table 1 .
| Definition of sleep disturbance from dictionaries
Sleep is defined as "a complex reversible neurobiological state characterized by closed eyes, behavioral quiescence, and perceptual disengagement from one's surroundings" (Hall, 2013 (Hall, , p. 1795 ).
According to Merriam-Webster's Learners Dictionary (Merriam-Webster 2016), disturbance is defined as "an unhealthy physical or mental condition in which something is not normal." Although the term sleep disturbance appeared as early as the first decade of the 1800s (Schulz & Salzarulo, 2015) , it was only used as an alternate term for sleep disorder. Cormier (1990) described the term sleep disturbance in 1990. He used it to refer to sleep disorder and defined it as "encompassing disorders of initiating and maintaining sleep, disorders of excessive somnolence, disorders of sleep-wake schedule, and dysfunction associated with sleep, sleep stage, or partial arousal" (p. 398). The term "sleep disturbance" in the context of diabetes was first mentioned in 1992 (Bendtson, Gade, Thomsen, Rosenfalck, & Wildschiodtz, 1992) .
However, no specific description was provided. In the two studies conducted in 1994 and 2002, sleep disturbance was mainly used to represent insomnia symptoms (Han et al., 2002; Sridhar & Madhu, 1994) . As is shown in Table 1, over the next decade between 2005 and 2016, the use of sleep disturbance increased and its description was enriched. Table 1 .
Symptom
The first attribute of sleep disturbance is that it is a symptom.
Specifically, sleep disturbance was referred to as a symptom that can be present or absent (Sridhar & Madhu, 1994) . Han et al. (2002) also indicated that sleep disturbance is characterised by insomnia symptoms. Bener & Al-Hamaq (2010) concluded that "symptoms of sleep are not to be ignored but discussed" (p. 339). In Vionescu et al.'s study (Voinescu, Vesa, & Coogan, 2011) , sleep disturbance consisted of both insomnia that met the diagnostic criteria by the International Classification of Sleep Disorders (ICSD) and insomnia symptoms.
Impaired sleep quality and/or abnormal sleep duration
Based on the current evidence, sleep disturbance in people with diabetes was most commonly described as impaired sleep quality that is awakening was also identified in several studies (Barnard et al., 2015; Caruso et al., 2014; Chasens et al., 2009; Fritschi & Redeker, 2015; Han et al., 2002; Izci-Balserak & Pien, 2014; Knutson et al., 2011; Reutrakul & Van Cauter, 2014) . Different terms were used to express the same meaning of nocturnal awakening, such as arousal, sleep fragmentation or fragmented sleep. Izci-Balserak & Pien (2014) described sleep disturbance as including sleep dysfunction related to partial arousals (transition from deep sleep stages to lighter stages).
Chasens et al. (2009) referred this aspect of sleep disturbance as
"waking frequently during the night" (p. 456). Although the frequency and number of awakenings during night varied across studies, they are the hallmark of impaired sleep quality. Several studies used the generic term overall poor sleep quality as a characteristic of sleep disturbance (Bener & Al-Hamaq, 2010; Cho, Lee, Ryu, Choi, & Kim, 2014; Chontong, Saetung, & Reutrakul, 2016; van Dijk et al., 2011; Fritschi & Redeker, 2015; Reutrakul, Hood et al., 2013; Reutrakul, Zaidi et al., 2013; Voinescu et al., 2011; Wrobel et al., 2008) .
Sleep disturbance can also be labelled as abnormal sleep duration, 2015; Knutson et al., 2011; Martins, Andersen, & Tufik, 2008; Reutrakul & Van Cauter, 2014; Reutrakul, Hood et al., 2013; Voinescu et al., 2011) . Traditionally, insufficient sleep was considered a sleep disturbance. However, an increasing number of studies (Caruso et al., 2014; Hazen et al., 2015; Martins et al., 2008; Reddy et al., 2010) (Bener & Al-Hamaq, 2010; van Dijk et al., 2011; Keskin et al., 2015; Martins et al., 2008; Sridhar & Madhu, 1994; Voinescu et al., 2011 Barnard et al., 2015; Eshkoor, Hamid, Nudin, & Mun, 2015; Voinescu et al., 2011) , disrupted sleep (Olsson et al., 2011; Sridhar & Putcha, 2006) , abnormal sleep (Sridhar & Putcha, 2006) , sleep complaint (Cho et al., 2014) , sleep impairment (Martins et al., 2008) and impaired sleep (Chasens et al., 2009) . Surprisingly, even in the same paper, different terms were used. There are two main related concepts: sleep disorder and insomnia.
A disorder (Roth, 2007) "is a condition associated with negative consequences, and importantly, these consequences are not a normal result of the condition but rather a result of some sort of pathological response" (p. s7). Sleep disorder is defined as disorders related to sleep; it is an umbrella term that consists of several classifications, including insomnia (Sateia, 2014) . As the most commonly seen sleep disorder, insomnia has been treated as both a symptom and disorder that requires standard diagnosis (Sateia, 2014) . The diagnostic criteria for insomnia include difficulty falling asleep, staying asleep or nonrestorative sleep despite circumstance allows; it is associated with daytime impairment or distress; it occurs at least three times per week for at least 1 month (Roth, 2007) . Both insomnia and sleep disorder are used as diagnostic terms; however, people may have sleep disturbance that does not meet the diagnostic criterion. Examination of the included studies revealed that insomnia was frequently referenced in the definition of sleep disturbance. However, insomnia
was not used as a disorder as defined by the ICSD-3, but rather a symptom. Thus, it is reasonable to differentiate sleep disturbance and insomnia.
| Antecedents
Antecedents are events or situations preceding the concept of interest (Rodgers, 2000) . Two major antecedents of sleep disturbance in people with diabetes were identified: diabetes-related physiological change and reduced psychological well-being. Studies supporting each antecedent are shown in Table 2 .
Diabetes-related physiological change
Diabetes-related physiological change is the most commonly seen antecedent of sleep disturbance. Diabetes itself can influence sleep disturbance (Fritschi & Redeker, 2015; Reutrakul, Zaidi et al., 2013) .
Sleep disturbance was suggested resulting from neuropathic symptoms, including pain and "burning soles," which is a sensation of tingling or hot feet (Cho et al., 2014; van Dijk et al., 2011; Sridhar & Madhu, 1994; Sridhar & Putcha, 2006; Voinescu et al., 2011; Wrobel et al., 2008 
Reduced psychological well-being
Psychological well-being is crucial to an individual's overall health; it is another antecedent of sleep disturbance. Sleep disturbance in people with diabetes could be caused by psychological discomfort (Bener & Al-Hamaq, 2010) . Psychological factors, including depression and mood, were also suggested contributing to sleep disturbance (Han et al., 2002; Hazen et al., 2015; Sridhar & Madhu, 1994; Voinescu et al., 2011) . Han and colleagues even recommended routine assessment of depression to predict sleep disturbance status.
| Consequences
Consequences are events or phenomenon that results from the concept (Rodgers, 2000) . Three consequences usually follow after the occurrence of sleep disturbance: impaired daytime functioning, glucose regulation and quality of life. Studies supporting each consequence are shown in Table 2 .
Impaired daytime functioning
Sleep disturbance can impair daytime functioning, including daytime sleepiness. Inadequate or disrupted sleep can result in complaints about daytime sleepiness (Chasens et al., 2009; Happe et al., 2005; Izci-Balserak & Pien, 2014; Nefs et al., 2015) . Sleep disturbance made coping with diabetes difficult (Nefs et al., 2015; Sridhar & Madhu, 1994) . In several studies (Barnard et al., 2015; Chasens et al., 2009; Hazen et al., 2015; Nefs et al., 2015) , sleep disturbance was considered as having detrimental effects on diabetes-related self-care and decision-making, such as exercising regularly and eating healthily. Sleep disturbance might also explain the neurocognitive and behavioural deficits that are crucial for normal daytime functioning (Caruso et al., 2014) .
Impaired glucose regulation
Sleep disturbance might impair glucose regulation in people with dia- 
Impaired quality of life
Another consequence of sleep disturbance is the impaired quality of life. Sleep disturbance can have an enormous impact on healthrelated quality of life (Eshkoor et al., 2015; Sridhar & Madhu, 1994) .
"Awareness and identifying sleep complaints in such (diabetes)
patients are necessary to improve their quality of daily life" (Cho et al., 2014) (p. 243) and "reduction of such (sleep) problems plays a critical role in improving the quality of life in the older people with diabetes" (Eshkoor et al., 2015) (p. S271). 
| Conceptual definition
| Providing exemplars
According to Rodgers (2000) , an exemplar is not a model case, but it shows the empirical application of the concept within a context. It is not uncommon that no ideal exemplar can be identified. However, an exemplar should be identified (not constructed). Here, we provide
two practical exemplars to demonstrate the current use of the concept of sleep disturbance in people with diabetes.
Both exemplars were case studies. The first exemplar came from
Perfect and Elkins's study with a 14-year-old Caucasian girl with type 1 diabetes (Perfect & Elkins, 2010) . The second came from a case study of a 52-year-old female (Yoosefinejad, Shadmehr, Olyaei, Talebian, & Bagheri, 2014) . Case characteristics, attributes, antecedents and consequences of the concept reflected in the case are shown in Table 3 .
4 | DISCUSSION
| Variations in the use of sleep disturbance
Likely, some data may not fit cleanly or solely within the themes identified above. Variations in the antecedents, attributes and consequences of sleep disturbance were observed. In this analysis, frequent snoring (Cho et al., 2014; Knutson et al., 2011; Reutrakul, Zaidi et al., 2013) , obstructive sleep apnoea (Chontong et al., 2016; Martins et al., 2008; Reddy et al., 2010; Reutrakul & Van Cauter, 2014) or sleep-disordered breathing (Caruso et al., 2014; Reutrakul, Zaidi et al., 2013) were frequently described as sleep disturbance.
However, snoring is a major sign of obstructive sleep apnoea.
Obstructive sleep apnoea or sleep-disordered breathing may be potentially connected to sleep disturbance; they represent a common type of sleep disorder (Knutson et al., 2011) . Additionally, impaired sleep quality and inadequate sleep were also described as consequences of sleep disturbance in two studies (Chasens et al., 2009; Izci-Balserak & Pien, 2014) . Similarly, daytime sleepiness has been considered both an attribute (Sridhar & Madhu, 1994) and an antecedent (Eshkoor et al., 2015) rather than a consequence. These (2015); Fritschi and Redeker (2015) ; Hazen et al. (2015) ; Sridhar and Madhu (1994) (Ferrie et al., 2015) , and sleeping too much has been explicitly articulated as sleep disturbance (Grandner, Jackson, Pak, & Gehrman, 2012) . Therefore, clinicians and nurses should be encouraged to pay equivalent attention to long sleep duration as they do for short sleep duration. 
| Limitations
Although an exhaustive search was conducted, the sample size remained small (n = 26). This is partly because numerous studies were excluded due to lack of descriptions of sleep disturbance. It also indicates that the concept is at an early stage of development.
Examining the areas of agreement and disagreement across disciplines of the concept constitutes an important step of a concept analysis (Rodgers, 2000) . Nevertheless, the interdisciplinary variation in sleep disturbance could not be examined because of the small number of available studies within each discipline. More research about sleep disturbance in people with diabetes will enable examination of the disciplinary context. Data extraction and analysis were solely conducted by the first author, which might bring bias. However, random check by a second reviewer helped to mitigate the potential bias. 
| CONCLUSION
